I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Rosai--Dorfman Disease (RDD) is a rare nonneoplastic proliferation of atypical histiocytes of unknown etiology. Bilateral massive and painless cervical lymphadenopathy is classical. However, it affects other lymph nodes and many extranodal locations.\[[@ref1]\] This heterogeneous presentation poses a diagnostic challenge as the clinical and radiological appearances simulate nonneoplastic and neoplastic lesions including malignancy. Despite its alarming presentation, RDD is self-limited and simple excision is curative. It has distinct morphology, and fine-needle aspiration cytology (FNAC) plays a significant role in the primary diagnosis by typical cytology features.

We are presenting twelve cases of nodal and extranodal RDD, the largest number of cytology series described in the medical literature, highlighting the challenges encountered. Atypical presentation and unusual morphology led to diagnostic difficulty in a few cases.

M[ATERIAL AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The cytology features of 12 cases of RDD were studied for 10 years from January 2009 to December 2018. After clinical examination of the patients, FNAC was performed with 22 G needle, and the aspiration smears were fixed in isopropyl alcohol and stained with Hematoxylin and Eosin. May--Grunwald--Giemsa stain was used for air-dried smears. The surgical specimens were fixed and processed using routine methods. The cytomorphological features were analyzed and correlated with histopathology and immunohistochemistry (IHC) wherever available.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Out of twelve cases of RDD, six were nodal and six extranodal. The patients\' age ranged from 7 to 60 years, and there were seven females and five males. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} show the clinical features of RDD.

###### 

Clinical features of Nodal RDD

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case number   Age in years   Sex          Lymph nodes involved                   Duration    Other symptoms     Investigations
  ------------- -------------- ------------ -------------------------------------- ----------- ------------------ -----------------------------------------------------
  1             7              Male child   Bilateral cervical and left inguinal   3 years     Recurrent fever\   Elevated ESR\
                                                                                               URTI               Hypergammaglobulinemia US abdomen: NAD

  2             60             Female       Right and left cervical                1 month     Asymptomatic       Elevated ESR

  3             10             Male child   Right submandibular                    10 months   Fever              Elevated ESR

  4             45             Male         Bilateral cervical                     1 year      Asymptomatic       Elevated ESR

  5             42             Male         Bilateral inguinal and left cervical   1 month     Weight loss        ESR, RA factor, CRP, Alkaline phosphatase- Elevated

  6             45             Male         Bilateral cervical                     4 months    Asymptomatic       Elevated ESR
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Clinical features of Extranodal RDD

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case number   Age in years   Sex      Site                                                                Duration in months   Clinical diagnosis                 Investigations
  ------------- -------------- -------- ------------------------------------------------------------------- -------------------- ---------------------------------- ---------------------------
  7             27             Female   Swelling left thigh                                                 2                    Neurofibroma                       Normal ESR

  8             45             Female   Lumps both breasts                                                  1                    Fibroadenomas                      Mammosonogram:\
                                                                                                                                                                    Fibroadenomas

  9             55             Female   Lump left breast and swelling left axilla                           1                    Carcinoma Breast with metastasis   Ultrasound: Hepatomegaly\
                                                                                                                                                                    Increased ESR

  10            45             Female   Recurrent lumps both breasts and swelling anterior abdominal wall   8                    Mastitis/Carcinoma                 Mammography: BIRADS V

  11            55             Female   Mass lesion Nasopharynx                                             2                    Carcinoma                          CT and MRI: Carcinoma

  12            49             Female   Lump right breast and right\                                        3                    Carcinoma                          Mammosonogram:\
                                        Epitrochlear lymph node                                                                                                     Carcinoma
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

All the six patients of nodal RDD were presented with cervical lymphadenitis, while two patients showed significant inguinal lymph node enlargement. The details of interesting cases are described below.

Case 1: Cytology smears were highly cellular and comprised of histiocytes and lymphocytes. The histiocytes were large with abundant eosinophilic cytoplasm exhibiting emperipolesis of lymphocytes. In addition, few histiocytes showed engulfed fragmented neutrophils, which is an unusual feature \[Figure [1a](#F1){ref-type="fig"}--[d](#F1){ref-type="fig"}\].

![Case 1 a-d. (a) Cytology smear with large histiocytes exhibiting emperipolesis and fragmented neutrophils. (H and E, ×400). (b) Histopathology showing dilated sinuses filled with histiocytes exhibiting emperipolesis. (H and E, ×200). (c) S100 positivity. (×400). (d) CD 68 positivity. (×200). Case 11 e-i, (e and f) Cytology smears showing atypical histiocytes with sparse emperipolesis. (MGG, ×400). (g) Histopathology showing sheets of atypical histiocytes with dense inflammatory infiltrate. (H and E, ×400). (h) CD68 positivity. (×100). (i) S100 positivity. (×200)](JCytol-37-46-g001){#F1}

Case 5: Another patient was a 42-year-old male with swellings in both groins of 1 month duration. Clinical examination showed 4 × 3 cm and 3 × 2 cm bilateral inguinal lymph nodes. Hematological investigations were abnormal with raised erythrocyte sedimentation rate (ESR) and C reactive protein and hypergammaglobulinemia. Serology was negative for HBV, HCV, and HIV. Ultrasound abdomen revealed borderline hepatomegaly with mild splenomegaly and subtly altered echotexture of both kidneys. Liver function tests were found abnormal with elevated alkaline phosphatase. Rheumatoid factor levels were likewise elevated. FNAC of inguinal lymph node showed both medium and large-sized histiocytes displaying emperipolesis of lymphocytes and plasma cells. In addition, there were many clusters of epithelioid cells and Langhans giant cells. The cytology picture was interpreted as RDD with granulomatous inflammation. Histopathology revealed loss of lymph nodal architecture with moderately dilated sinuses, which contain histiocytes with emperipolesis. The presence of ill-defined granulomas of histiocytes, epithelioid cells, and giant cells with focal palisading pattern raised the suspicion of tuberculosis. Acid-fast staining on smears and sections, chest X-ray, and quantiferon gold test were negative excluding this possibility. IHC done with CD 68 and S100 showed positivity. A final diagnosis of RDD with associated granulomatous inflammation was made \[[Figure 2](#F2){ref-type="fig"}\].

![Case 5. (a) Cytology smears showing emperipolesis, (H and E, ×200) and (b) Epithelioid cells (H and E, ×400). (c) Histopathology showing histiocytes in dilated sinuses exhibiting emperipolesis. (H and E, ×100). (d) Palisaded granulomas. (H and E, ×200). (e) Emperipolesis. (H and E, ×400). (f) S100 positivity. (×400)](JCytol-37-46-g002){#F2}

All six patients with extranodal RDD were adult females with ages between 27 and 55 years. Four cases involved the breast, a single case of soft tissue, and another nasopharynx. Diagnosis was unsuspected in all because of unusual locations.

In case 7, FNAC from 4 × 3 cm firm and fixed mass on the left thigh conceded moderate cellularity, composed of lymphocytes and few histiocytes and very occasional histiocytes exhibiting emperipolesis of lymphocytes. Biopsy followed by immunohistochemistry with S100 and CD68 confirmed the cytological diagnosis of RDD.

Case 8 presented with multiple lumps in both breasts, which were clinically and radiologically diagnosed as fibroadenomas. FNAC of both breast lumps showed the picture of RDD and follow-up of the patient revealed complete resolution.

Similarly, in case 9, clinically suspected malignancy has turned out to be RDD on cytology, which was confirmed by IHC.

Case 11 was a 55-year-old female presented with difficulty in swallowing and loss of hearing for 2 months. Clinical examination showed 2 × 2 cm ill-defined swelling on the right side of the neck. CT scan of head and neck revealed a diffuse mass lesion in nasopharynx extending into tonsillar fossa, soft palate, and posterior pharyngeal wall and the impression was malignancy. The moderately cellular cytology smears were composed of large histiocytes with abundant vacuolated cytoplasm. Many cells were atypical with irregular nuclei and nucleoli. Bi and multinucleate forms, bizarre cells, and few mitoses were seen. Very occasional cells exhibited emperipolesis of plasma cells and neutrophils. Few eosinophils were also present. A diagnosis of atypical histocytic lesion was made. Histopathology showed fragmented tissue composed of sheets of histiocytes exhibiting atypia. Prominent inflammatory component in the form of lymphocytes, eosinophils, and plasma cells was seen. Considering the presence of histiocytes, eosinophils, and few doubtful nuclear grooves, Langerhans cell histiocytosis (LCH) was suspected and IHC was done. On IHC, S100 and CD68 were positive while CD1a and CK were negative. Hence, a diagnosis of RDD was made \[Figure [1e](#F1){ref-type="fig"}--[i](#F1){ref-type="fig"}\].

The cytological features of 12 cases were analyzed and the findings are in [Table 3](#T3){ref-type="table"}.

###### 

Cytology features of RDD

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case number    Cellularity                 Predominant population of cells    Emperipolesis   Type of engulfed cells   Additional features
  -------------- --------------------------- ---------------------------------- --------------- ------------------------ --------------------------------------
  1              High                        Histiocytes and\                   Frequent        Lymphocytes              Epithelioid cells\
                                             lymphocytes                                                                 Fragmented neutrophils

  2              High                        Lymphocytes                        Frequent        Lymphocytes              Nil

  3              High                        Lymphocytes                        Moderate        Lymphocytes              Nil

  4              High                        Histiocytes and\                   Moderate        Lymphocytes              Fibrous tissue
                                             lymphocytes                                                                 

  Plasma cells                                                                                                           

  5              High                        Histiocytes and\                   Moderate        Lymphocytes              Epithelioid cell clusters
                                             lymphocytes                                                                 

  Plasma cells   Langhans type giant cells                                                                               

  RBC                                                                                                                    

  6              High                        Histiocytes                        Frequent        Lymphocytes              Nil

  7              Moderate                    Lymphocytes Very few histiocytes   Occasional      Lymphocytes              Lymphoglandular bodies\
                                                                                                                         Fibrofatty tissue

  8              High                        Lymphocytes\                       Frequent        Plasma cells             Many plasma cells with Russel bodies
                                             Histiocytes                                                                 

  9              High                        Histiocytes\                       Frequent        Plasma cells             Cytoplasmic vacuoles
                                             Lymphocytes                                                                 

  10             High                        Lymphocytes\                       Frequent        Plasma cells             Nil
                                             Histiocytes                                                                 

  11             Moderate                    Histiocytes                        Occasional      Plasma cells             Atypia

  Nucleoli                                                                                                               

  Vacuoles                                                                                                               

  12             Moderate                    Lymphocytes                        Sparse          Lymphocytes              Fibrosis
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

Ten out of twelve cases were diagnosed on cytology as RDD. A single case (11) with atypical histiocytes and inconspicuous emperipolesis was diagnosed as a histiocytic lesion. Another one (12) with moderate cellularity and sparse emperipolesis was diagnosed as lymphoproliferative disorder \[[Figure 3](#F3){ref-type="fig"}\].

![Case 12. H and E stained cytology smears. (a) Very occasional emperipolesis.(×400) (b) Background lymphocytes. (×200). (c) Histopathology. Histiocytes with emperipolesis (×400). (d) S100 positivity (×400)](JCytol-37-46-g003){#F3}

Ten cases were followed by histopathology, of which IHC was done for 7 cases and the details are summarized in [Table 4](#T4){ref-type="table"}.

###### 

Cytohistopathological correlation and Immunohistochemistry findings

  Case Number   Cytological diagnosis                 Histopathology                        Immunohistochemistry
  ------------- ------------------------------------- ------------------------------------- ------------------------------------------
  1             RDD                                   RDD                                   S100, CD68 Positive
  2             RDD                                   RDD                                   Not done
  3             RDD                                   RDD                                   Not done
  4             RDD                                   RDD                                   Not done
  5             RDD with Granulomatous inflammation   RDD with Granulomatous inflammation   S100, CD68 Positive
  6             RDD                                   Not done                              \-
  7             RDD                                   RDD                                   S100, CD68 Positive CD1a Negative
  8             RDD                                   Not done                              \-
  9             RDD                                   RDD                                   S100, CD68 Positive
  10            RDD                                   RDD                                   S100, CD68 Positive
  11            Histiocytic lesion                    LCH                                   S100, CD68 Positive CD1a and CK Negative
  12            Lymphoproliferative disorder          RDD                                   S100, CD68 Positive

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

RDD, now a well-defined clinicopathological entity, was first described in 1965 by a pathologist Destombes.\[[@ref2]\] Later in 1969, it was delineated as a distinct disease, sinus histiocytosis with massive lymphadenopathy by Rosai and Dorfman.\[[@ref3]\] Since the original description, there have been several case reports and studies describing the etiopathogenesis and the morphological spectrum of this rare condition.\[[@ref2][@ref3]\] There were about 1000 case descriptions in the medical literature till now.\[[@ref4]\] The exact etiology of this self-limited disease is not known and probably multifactorial. Human Herpesvirus 6, Epstein-Barr virus, and polyomavirus were implicated in its causation, but were not proved.\[[@ref5]\] Another factor supposed to be responsible is immune dysregulation. As per the recent data, RDD is due to an exaggerated immune response of the hematolymphoid system to infection, leading to monocyte colony-stimulating factor-mediated immune activation and cell proliferation.\[[@ref6][@ref7]\]

The polyclonal nature of proliferating histiocytes, also known as Rosai--Dorfman cells, indicates that they are reactive rather than neoplastic.\[[@ref8]\] However, current studies identified mutations in BRAF, KRAS, NRAS, and PIK3CA genes of RAS-MAPK pathway and proposed that a subset of RDD may be clonal.\[[@ref4][@ref9]\] These cells differ in morphology and immune phenotype from the normal histiocytes. They are large with abundant eosinophilic cytoplasm and nuclei may show atypia. Histiocytes are known for their phagocytic property, whereas emperipolesis is the characteristic of RDD. Emperipolesis as defined by Humble is an active penetration of one cell by another where it remains intact.\[[@ref10]\] It is nondestructive phagocytosis of inflammatory cells, often lymphocytes and also plasma cells, neutrophils, and RBC. Emperipolesis, otherwise lymphocytophagocytosis is required to diagnose RDD, the absence of which makes the diagnosis difficult.\[[@ref5]\] However, it is not the diagnostic feature as is seen in normal marrow and in several hematological and nonhematological malignancies such as leukemia, lymphoma, and neuroblastoma, making it a nonspecific finding.\[[@ref10]\] The immune profile of histiocytes in RDD shows the qualities of both histiocytes and Langerhans cells. Like histiocytes, they express CD68 and Lysozyme, but unlike them, they are strong S100 positive.\[[@ref6][@ref11]\] All these findings suggest that atypical histiocytes are activated macrophages obtained from circulating monocytes. These monocytes migrate to sinuses of lymph nodes and transform to RDD histiocytes possibly mediated by cytokines.\[[@ref12]\]

Cytology has an important role in the diagnosis of RDD, as it has characteristic cytological features ensuring an accurate diagnosis. The cellularity is usually high with plenty of large histiocytes both with and without emperipolesis and also lymphocytes. The presence of plasma cells and neutrophils is a frequent finding.\[[@ref13][@ref14]\] In the present study, aspirates from the lymph nodes yielded a predominant population of lymphoid cells except in three cases, where there were an equal number of lymphocytes and histiocytes. Whereas four extranodal RDD predominantly showed histiocytes and two cases showed lymphocytes. Except for three, FNAC of nine cases yielded high cellularity. Emperipolesis, the hallmark of RDD is considerable in nine cases. In lymph nodal RDD, the dominant cells engulfed were lymphocytes, whereas, in extranodal RDD, they were plasma cells.

The differential diagnoses to be considered on cytology of nodal RDD are reactive lymphadenitis, sinus histiocytosis, granulomatous inflammation, and LCH.\[[@ref13][@ref14]\] Emperipolesis can be mistaken for overlapping lymphocyte and dendritic cell clusters in a reactive lymph node. However, the smooth contour of histiocytes and plasma cells inside are useful clues for the unequivocal identification of emperipolesis in our experience. Prominent histiocytosis as seen in sinus histiocytosis and granulomatous inflammation differ from RDD by smaller size, absence of emperipolesis, and S100 negativity.

Dilated lymph node sinuses packed with histiocytes showing emperipolesis are the classical histopathology of RDD. However, emperipolesis is better appreciable on cytology. A feature of diagnostic importance on histology is halo surrounding the engulfed cells due to fixation artefact.\[[@ref1][@ref15]\]

Extranodal RDD is not uncommon and constitutes up to 40% of RDD. It appears either alone or with lymphadenopathy. In contrast to nodal RDD, which is frequent in young males, extranodal is common in adults with a striking female preponderance.\[[@ref11]\] We observed similar findings in our study. It can occur anywhere in the body, the most common sites in the orient being skin and soft tissue. Other sites of involvement are head and neck, eye and ocular adnexa, bone, brain, breast, etc., Extranodal RDD mimics neoplasm by forming mass lesion and radiological findings are usually inconclusive.\[[@ref16][@ref17][@ref18]\] The cyto-histopathology features are similar to that of nodal RDD except for fibrosis and less conspicuous emperipolesis. The diagnosis of extranodal RDD is challenging and needs a high degree of suspicion. The differential diagnoses depend on the location and vary from inflammatory lesions to carcinoma.

RDD involving upper aerodigestive tract is uncommon, and few cases reported were young. Diagnosis of RDD at this unusual location is challenging for its close mimicry of malignancy.\[[@ref19]\] We encountered such a rare case in an adult female with a diffuse mass lesion involving nasopharynx, tonsillar fossa, soft palate, and posterior pharyngeal wall. The atypical histiocytes with nucleoli and insignificant emperipolesis limited our diagnosis to a histiocyte disorder on cytology. Histopathology showed sheets of atypical histiocytes with inflammatory infiltrate in the form of plasma cells and eosinophils. Owing to the presence of histiocytes and eosinophils, we initially suspected LCH. Of the panel of immune markers, CD1a and CK were negative, and CD 68 and S100 were strongly positive confirming the diagnosis as RDD. RDD has to differentiate from the clonal and potentially fatal LCH. The combination of histiocytes and eosinophils is a strong indication of LCH, which is typified by irregular nuclear contours, nuclear grooves, CD1a positivity, and Birbeck granules on electron microscopy. The presence of eosinophil infiltration is considered as a feature against RDD and is used to differentiate RDD from LCH. However, the present case suggests that prominent eosinophil infiltration can occur in RDD, and its presence should not deny the diagnosis.\[[@ref20][@ref21]\] Atypical histiocytes with convoluted nuclei, bizarre forms, and multinucleation as seen in our case may be observed occasionally in RDD and are not a sign of malignancy.\[[@ref22]\] Emperipolesis, the hallmark of RDD is a dynamic process and evolves with time, and the amount of emperipolesis depends upon the stage of the lesion, which explains its absence in the present case.\[[@ref12]\]

Emperipolesis is a nonphagocytic engulfment of hematopoietic cells, where a cell enters a histiocyte stays for some time and then exits. We noted in our study, a single case of RDD in a child displaying fragmented neutrophils in histiocytes. Similar findings were observed by Kusutani *et al*., and they considered them as apoptotic bodies. They hypothesized that the engulfed neutrophils undergo apoptosis inside the cytoplasm of histiocyte because of their short survival period.\[[@ref23]\] This patient had recurrent attacks of upper respiratory infection since childhood suggesting an immune deficiency needing further workup.

Case five was an exceptional combination of RDD with granulomatous inflammation, which was conspicuous even on cytology. Histopathology differed from the classical RDD by lack of dilated sinuses and by the presence of numerous granulomas some of which were in the form of palisades. Immunohistochemistry showed strong S100 positivity in the histiocytes showing emperipolesis. Even though emperipolesis itself is not pathognomonic of RDD, the presence of S100 positive histiocytes exhibiting emperipolesis is diagnostic.\[[@ref20]\] Probably, this case was the first to report such a combination of RDD and granulomatous inflammation.\[[@ref24][@ref25]\]

Breast is an uncommon site for RDD with only 34 cases described in the medical literature so far.\[[@ref26]\] The clinical presentation is variable with single or multiple mass lesions in one or both breasts. The disease may be confined to breast alone or is part of a multifocal disease with multiorgan involvement. Within the breast, lesions occur either in deep dermis and subcutis or in the parenchyma.\[[@ref26][@ref27]\] Similar diverse presentation was observed in our study as well. The radiological findings of RDD of the breast are noncontributory and simulate primary tumors of the breast including malignancy. The cytology and histopathology are essentially similar to that of nodal RDD, except for more fibrosis and less emperipolesis, which makes the diagnosis a real challenge to the pathologist.\[[@ref26][@ref27]\]

The prognosis of RDD is excellent with spontaneous remission. However, few cases may recur or have a prolonged course or may even be fatal. Fatal cases are those, which occur either in vital organs or those associated with severe immune dysfunction.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

In conclusion, Rosai--Dorfman Disease is a rare and distinctive disorder with typical clinical appearance and distinctive cytological, histopathological, and immunohistochemical profile. They produce tumor-like swellings, which may be confused for neoplasms and even malignancy. Preoperative recognition of this entity sometimes is challenging and requires awareness and a high degree of suspicion. The present study signifies the vital role of FNAC in diagnosing RDD with its unique cytological features, thereby avoiding unnecessary surgery.
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